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SUMMARY

The purpose of this program has been to explore applications of photo-
electrochemistry to semiconductor technology. Two general applications
have been considered: 1) photoelectrochemistry as a tool for nonde-
structive evaluation of semiconductor bulk and surface properties, and
light-localized electrochemical imaging processes or semiconductors,including etching and metal deposition.

Photoelectrochemical Nondestructive Evaluation. A computer controlled
laser spot scanner was developed which allowed the profiling of the photo-
electrochemical activity of a semiconductor with -r1 pm spatial resolu-
tion 15,9]. Research was conducted to demonstrate stabilizing electro-
lytes which could be used nondestructively with 1ll-V compounds and Si,
e.g., CH3CN/IP/ 3 - 11,31 and CH3CN/Cu /Cu 2 [41 were used with n-GaAs,
and nickelocene in propylene carbonate [Il and methyl viologen in metha-
nol for n-Si. Laser scanning was used to map out defects in thin film
electrodes [5,91. Liquid junctions were also employed for the rapid
assessment of minority carrier diffusion lengths in Si 181. A noveli"photoelectrochemical vidicon" imaging device was demonstrated in which
a near infrared image was projected onto a Si photoelectrode while a low
power He-Ne laser raster scanned the surface. The projected image was
replicated on an oscilloscope in real time as photovoltage or photocur-
rent vs. position due to image induced redox concentration gradients at
the electrode surface 131.

Electroplating. Direct photoelectrochemical imaging of microscopic
metal film patterns was achieved on p-GaAs and p-Si electrodes in con-
tact with electroplating baths 12,71. Reductive electroplating was con-
fined to the areas of illumination. Resolution of 40 In was achieved,
limited primarily by nondirectional growth of the metal nuclei. The
photoelectrochemical mechanism of plating various metals was described.
Also demonstrated was "negative" photoelectrochemical plating on n-type
semiconductors, in which illumination prevented electroplating while it
proceeded in dark portions of the electrode surface [7]. In this way,
the general applicability of the photoelectrochemical plating process
was described.

Additional research was conducted on removing the necessity for an elec-
trochemical cell in the imaging process [6]. This approach relied on
complementary oxidation and reduction reactions occurring at the illumi-
nated and dark portions of the semiconductor surface. High quantum L]
yield light localized electroless plating of electropositive metals (Zn,
Cd, etc.) was achieved on both p-SI and p-GaAs by using Zn, ohmically
contacted to a nonilluminated region of the surface, as an internal bias
agent. On illumination of the semiconductor/plating electrolyte junc-
tion, an internal cell was set up in which metal was plated onto the
illuminated regions and dissolved from the sacrificial Zn source.
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Focused Laser Etching [9,101. The computer controlled laser scanning
instrument developed on this project 191 was used in the direct etching
of microscopic patterns on semiconductors. During this period, we
demonstrated and parameterized the high rate photoassisted etching of
n+-GaAs using a scanning focused laser and 10% aqueous KOH electrolyte
1101. In particular, we were interested in the relationship between
intensity and resolution of holes developed using a diffraction limited
focused spot of diameter <1 pim. We determined that the hole diameters
are a function of total delivered energy rather than intensity, at least
in the intensity regime investigated. This limits the depth of features
that can be produced using high rate laser etching processes. The proc-
ess still can be used for lower energy etching of shallow patterns, such
as character sets for identification of individual integrated circuits.

High Aspect Ratio Etching. Experiments were carried out to determine
the utility of using photoelectrochemistry for etching deep structures
in n-GaAs. In one series of experiments, the (100) surfaces of n-GaAs
single crystals were lithographically patterned in with 10 ji wide
grooves pointed in the [0111, [0101, and [0111 crystallographic direc-
tion [11,121. Photoelectrochemical etching of these channels showed
that deep, vertical walled structures could be produced with a great
deal of process control 1121. Undercutting of the mask occurred in
crystals of low doping, which fosters rapid surface diffusion of photo-
generated holes. Marked crystallographic effects were observed as well
111-131. Photogenerated holes reacted more readily with the nucleophilic
(111) As face than the (111) Ga face, an effect which enables the
photoelectrochemical etching of sawtooth structures in the GaAs surface.
The latter process was shown to be a new technique for fabricating deep
low pitch Eschelle diffraction gratings for high performance spectrome-
ters [121.

Participants

Principal Investigator
Dr. R. David Rauh

Senior Scientists
Dr. Robert A. Boudreau
Dr. Michael M. Carrabba
Dr. Margaret E. LangmuirUDr. Ronald H. Micheels
Dr. Timothy L. Rose

Staff Scientists
Mr. Allan D. Darrow II
Ms. Catherine A. Kavassalis
Mr. Robert A. LeLievre
Mr. David H. Longendorfer
Ms. Nguyet M. Nguyen
Ms. Maureen A. Parker
Ms. Rebecca L. Schiff

2I



I

Technical Reports

1. Margaret E. Langmuir, Ronald H. Micheels and R. David Rauh, "Non-
aqueous Electrochemical Photovoltaic Cells Based on n-GaAs and
n-Si," Proc. Third International Conf. on Photochemical Conversion
and Storage of Solar Energy, Boulder, CO (1980).

2. R. H. Micheels, A. D. Darrow II and R. David Rauh, "Photoelectro-
chemical Deposition of Microscopic Metal Film Patterns on Si and
GaAs," Appl. Phys. Lett. 39, 418 (1981).

3. Ronald H. Micheels and R. David Rauh, "An IR Sensitive Real-Time
Imaging Technique Based on a Photoelectrochemical Cell," Appl.Phys. Lett. 40, 433 (1982).

4. M. E. Langmuir, M. A. Parker and R. D. Rauh, "Photoelectrochemical
Cells Based on n-GaAs and the Cu(II)/Cu(I) Redox Couple in Aceto-
nitrile," in Photoelectrochemistry:Fundamental Processes and
Measurement Techniques, The Electrochemical Society, Inc.,
Pennington, NJ, 1982), p. 315.

5. M. E. Langmuir, R. H. Micheels, R. A. Boudreau and R. D. Rauh, "Laser
Spot Scanning of Photoelectrochemical Cells," Ref. 4, p. 598.

6. T. L. Rose, D. H. Longendorfer and R. D. Rauh, "Photoelectrochemical
Deposition of Metals onto p-Silicon using an Internal Cell," Appl.
Phys. Lett. 42, 193 (1983).

7. T. L. Rose, R. H. Micheels, D. H. Longendorfer and R. D. Rauh,
"Photoelectrochemical Deposition of Metal Patterns on Semiconduc-
tors," Materials Research Society Symposium Proceedings, Vol. 17,
Beam Diagnostics and Photochemical Processing of Semiconductor
Devices (New York: Elsevier Science Publishing Co., 1983), p. 265.

8. Ronald H. Micheels and R. David Rauh, "Use of a Liquid Junction for
the Measurement of Diffusion Length in Silicon Ribbon," J. Electro-
chem. Soc. 131, 217 (1984).

9. Catherine A. Kavassalis, David H. Longendorfer, Robert A. LeLievre
and R. David Rauh, "Localized Photoprocesses at Semiconductor-Electrolyte
Interfaces Using a Programmable Laser Spot Scanner," Materials Research
Society Symposium Proceedings, Vol. 29, Laser Controlled Chemical
Processing of Surfaces, (New York: Elsevier Science Publishing
Co. 1984), p. 151.

10. R. 0. Rauh and R. A. LeLievre, "Microphotoelectrochemical Etching of
n-GaAs Using a Scanned Focused Laser," J. Electrochem. Soc. 132,m 2811 (1985).

11. Michael M. Carrabba, Nguyet M. Nguyen and R. David Rauh, "Orientation
Dependence of Photoelectrochemical Etching in n-GaAs," J. Electro-
chem. Soc. 134, 260 (1987).

3



i

12. Michael M. Carrabba, Nguyet M. Nguyen and R. David Rauh, "Photoelec-
trochemical Fabrication of Sawtooth Gratings in n-GaAs," Applied
Optics 25, 4516 (1986).

13. Michael M. Carrabba, Nguyet M. Nguyen and R. David Rauh, "Effects
of Doping and Orientation on Photoelectrochemically Etched Features
in n-GaAs," J. Electrochem. Soc. (in press).

14. Michael M. Carrabba, Nguyet M. Nguyen and R. David Rauh, "Crystal-
lographic Effects on the Photoelectrochemical Etching of Gratings in
Compound Semiconductors," in Photon Beam and Plasma Stimulated
Chemical Processes at Surfaces, V. M. Donnelly, 1. P. Herman and
M. Hirose, eds. (Elsevier Science Publishing Co., New York, 1987).

4

i. . .. I m I i i I



I
DL/1113/86/2

I TECHNICAL REPORT DISTRIBUTION LIST, GEN

*No. No.
Copies Copie

E Office of Naval Research 2 Dr. David Young 1
Attn: Code 1113 Code 334
800 North Quincy Street NORDA
Arlington, Virginia 22217-5000 NSTL, Mississippi 39529

Dr. Bernard Douda 1 Naval Weapons Center
Naval Weapons Support Center Attn: Dr. Ron Atkins
Code 50C Chmistry Division
Crane, Indiana 47522-5050 China Lake, California 93555

Naval Civil Engineering Laboratory 1 Scientific Advisor 1
Attn: Dr. R. W. Drisko, Code L52 Commandant of the Marine Corp
Port Hueneme, California 93401 Code RD-iWashington, D.C. 20380

Defense Technical Information Center 
12

Building 5, Cameron Station U.S. Army Research Office 1
Alexandria, Virginia 22314 Attn: CRD-AA-IP

P.O. Box 12211

DTNSRDC 1 Research Triangle Park, NC 27709
Attn: Dr. H. Singerman
Applied Chemistry Division Mr. John Boyle
Annapolis, Maryland 21401 Materials Branch

Naval Ship Engineering Center
I Dr. William Tolles 1 Philadelphia, Pennsylvania 19112

Superintendent
Chemistry Division, Code 6100 Naval Ocean Systems Center 1
Naval Research Laboratory Attn: Dr. S. Yamamoto
Washington, D.C. 20375-5000 Marine Sciences Division

San Diego, California 91232

5

I IU'




